A METHOD AND APPARATUS FORREDUCING COLOUR SHIFT 
IN A DISPLAY SCREEN WHEN VIEWED OFF-CENTRE 



FIELD OF THE INVENTION 
5 This invention lelates to a method and apparato for reducing colour shift in a 

disjilay screen when viewed off-centre. In pardcxdai; the method and apparatus are 
diceScted to display screens utilizing pixels having an assmmetrical arrangement of 
Ught-e»ai1ting elements such as LEDs liiat protrude from a ftont face of die display 
screen. 

10 

BACKGROUND TO THE INVENTION 
In display screens that utilize discrete light-emitting elements for different 
colours, Ihe Hght-emitdng elements are gmerally aztanged into pixels having a 
minimum of flnee diJSferent light-emitting elemmts that can complement each oth^ to 
IS provide the full range of colours. In a typical display screen using light-emitting 
£odes or similar, this lu^ht compriac rc4 l>ltt$ ^d green LEDs. 

The LEDs in such a display screen are generally arraDtged in a matrix of rows 
and columns of LEDs. They are arranged to provide a pixelated disfplay screen that 
20 provides a pardcukr appearance to a typical viewer standing directly in front of llie 
screen. This is a central viewer position in a direction substantially ortbogonal to the 
&ont face of the display screen. 

In practice^ latge display screens of this type may be used in outdoors settings 
25 such, as sports stadiums and the like. They are regularly placed at one-end of a 
playing field. Aside &om those substandally in fiont of the screen, a significant 



IP\PADA\..\002«7828.to 



iramber of viewers may be iurtber towaids fbe sides ofib& ^gtsw. aad viewing the 
screen &om m o£f-ceatre position. 



A first p3dor ait portion of an LED display screen i$ sbown m Figs. la and lb. 
5 A typical pkel may utilize^ in this particular example, four LEDs arranged m a square 
fozzoat such as a red, gteea and a blue LED. 

It should be noted that the use of more than one of the three typical colours^ 
such as the use of two green LEDs in this example, may be usefuL A video image 

10 typically requires an average colour int^ity of af5)ro5cimafdy 30% red, 60% green 
and 10% blue. To compensate for the dominaot green usage, an additional green LED 
may share the tvorkload of the green signal &r the overall image &om <iie pixeL 
However, maay other variations are possible and consideration is given to the 
efiSciencies of the various materials for making such LEDs. Ail of which ace 

IS available at varying costs. 

For example, a single red LED may be capable of providing the 30% red 
component if made firom a particularly ejcpensive matodial. However, it may be more 
economic to share the workload of {the red LED between two separate cheaper red 
20 LEDs, Further, although the green percentage is relatively high, it is possible that 
materials are used that provide pardciilarly higjh intensity green LEDs at a low cost 
A siogle green, two red LEDs and a blue LED might provide a cheaper overall pixel. 
These cost efSciencies may change as diffisrent materials are developed for the 
various LEDs. These are not restricted to arrangements of four LEDs but also might 
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piovide cost efBciencies if only three LEDs such as a red, blue aid green are utiUzed 
or more such as five, six or s&vea LEDs in various tatios, 

in the prior art arraaigement as shown in Fig. lbs it can be appreciated that 
5 when viewed side-*on, the LBDs protrude from the front face of the scre^ through the 
provision of the lens on the LED. As higher quality screens are provided by 
increasing the density of the LEDs, the spacing between the LEDs reduces. If viewed 
side-on as shown ia Fig. lb, the closest red LED entirely obscures all the other LEDs 
in the same row. 

10 

In practice, a viewer directly side-on to a screen will not receive any image 
oth^ than the end colour of LEDs, nor are scre^ intended to provide sudi a viewer 
whh an image. However, at positions between tbat substantially in plane with the 
front face and a position orthogonal to the front fece, a single LED will obscure the 
1 5 adjacent distal LED by varying amounts. Although this leads to an overall drop in the 
intensily of the image provided to a viewer as they progress from the central position 
more to one side, such a drop in intensity may be acceptable if it is not accompanied 
by distortion, of the image itself. 

20 Referring to Fig, la, it can be seen that the rows of LEDs are provided such 

that the LEDs may have substantially equal spacing between each other For example, 
the spacing between a red LED and the adjacent green LED is equal to the spacing to 
the next red LED and so on. When a viewer moves further to the side, lie degree by 
which one LED obscures the next is substantially constant along the entire row of 

25 LEDs- Hence the perceived image by a viewer of that row of red and grem LEDs 
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does not significantly change in terms of the ratio of red and green light received. 
Hence, there is no pox^eived coloin: shift in such an anafi^ement Sinoilarly, the lower 
row of green and blua LEDs will catuie no significant distortion in terms of colour 
shift of the inxage as each blocks the next by an eqnal amount due to equal spacing 
5 between each successive LED. 

A similar consideration needs to be provided with respect to a viewer that is at 
various difierent locations in a vertical plane coinciding with the screen. For 
example, a viewer looking directly at the display screen at the same height as the 
display screen sees each of the LEDs fiont-on and there is no obscming of tie LEDs, 
However, in most uses a viewer is positioned below the display screen at varying 
angles. To reduce simload on particularly outdoors screens, louvers or shaders ate 
generally provided as shown in Figs, la and lb. These louvers or shaders provide a 
degree of obscurity to tibie row of LEDs directly adjacent but distal &om the viewers 
position below the screen. It wiU be appreciated that m the arrangement shown in Fig. 
la, a viewer looking irp at the screen at a more acute angle may receive a signifLcant 
degree of obscuring of the green and blue row of LEDs just above each of the shaders. 
There may be significantly less obscuring of the upper red and green row of LEDs. 
To such a viewer, the reduction in the htue and a portion of ifae green content may 
cause a colour-shift in the image more to\fwds the red range and distob the image as 
intended. 

To alleviate such a problem^ a fixrther prior art arrangement is shown In Fig. 2. 
Alihough the arrangement of LEDs in the form of a pixel is still in the same foxxnat as 
25 Fig. I a, it can be noticed that shaders are provided intermediate of every rcw such that 
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a viewer positioned at various points on a vertical plane in front of the display screen 
will receive an image in which every LED is obscured by the shader to an equal 
degree. This provides a substantially equal degree of obscuring of the L£Ds 
regardless of the position of the viewer on planes passing liirough two orthogonal axis 
5 to the firont face of the display screei^ 

As motioned previously, cost efficiencies and other considerations can cause 
an asyrmnetdc arrangement of Ught-exnitting elements or devices within a pixeL 

10 An elevation of a portion of a yet fiartfaer prior art display screen is shown in 

Fig. 3. In this arrangement, the minimum number of three complementoy light- 
emitting elements are used to form the pixel. These comprise a red, green and blue 
element 

15 As with the arrangement in Fig. 2, louvers or shaders are provided in between 

each row to create an equal degree of obscuring to each of the LEDs as a viewer shifts 
in the vertical plane. Similarlya as a viewer moves in the horizontal plane around tibe 
screen, the spacmg between LEDs in a single row is kept constant to ensure LEDs 
within the row provide an equal degree of obscuring to the adjacent LED and prevent 

20 a particular colour-shift in respect of that row. 

However, as shown in Fig. 3, the spacing between the red and green LEDs on 
the upper row is different than tibe equal spacing used between the blue LEDs on the 
lower row. If a viewer moves around a horizontal place closer towards the edge of the 
25 screen tibe intensity of the red and peen LEDs drops equally with each other. 
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However, the intensity of the blue LED drops less ^mthe red and greens and creates 
a blue-shift in the colour of the overall image as $een by the viewer- At present many 
producers £»mply put up with such an fsSH^si if they utiiizfi an asyiB](Aetric axxangemeiit 
of light-emittmg elements wilhin the prxel as shown in Fig. 3. 

S 

Similarly probleniis may occur in oth^ pixel airangemetxts such as 
drrangCTxeots of five light-emitdng elements per pixel or if the distribution of colours 
is unequal on different rov/s. 

10 OBJECT OF THE INVENTION 

It is an object of the present invention to provide a method and apparatus for 
reducing a colour-shifi in a display screen when viewed from an off-centre position to 
reduce or minimize llie effects described, particularly in. display ^eens using an 
asymmetric arrangement of li^t-emitting elements in the display screen. It is at least 

IS an object of the invention to provide the public with a iiseful choice. 

suivflviARv or Tim PA^E^mON 
Accordingly, in a first aspect, the invention may broadly be said to consist in a 
display screen having a plurality of light-emittiag elements arranged in pixels in an 
20 arrangement having an axis of asymmetry wherein obscuring means are provided on 
or adjacent at least one Eght-cmitting element within said display to substantially 
equate with tiiie additional obscuring effect of adjacent light-emitting elements in. an 
alternative portion of said display. 
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Preferably said display screejx iiiclxMtes ligbt-^tting elements that at least 
pardally protrude fiom a frozd; sui&ce of said display screen* 

Preferably said display screen includes mws of light-emitting elements at a 
5 first spadng and at lea^t one fiirtber xow of ligbt-emittipag elements at an alteioative 
spacing and of an alternative colonr arrangement. 



Preferably said display screea provides louvers or sbaxiers between rows of 
ligbt*emitting elements on said display screen. 

10 

Preferably said obscuring meai^s comprises at least one protrusion adjacent 
said at least one light-emitting element 

Preferably said at least one protrusion compises a single protrusion of reduced 
15 dimension ihan the protrusion of a light-emitting element 



Alternatively or additioually said obscuring means includes at least one 
portion extending from an adjacent louver and positioned at least partially between 
adjacent li^t-etmtting elemoit in a row adjacent said louver. 

20 

Alternatively or additionally said obscuring means includes a coating or 
covezing portion on a side off said ligfat-«emittisg element 



Alternatively or additionally said obscuring means comprises a coating or 
25 physical barrier \vithin an outer lens of a lig}Ll>-emitting elexneat 
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Accordingly, in a second aspect, the iavention may broadly be said to consist 
in a method of reducmg coloxiXHShiit in a display screen viibm viewed off-centre 
comprismg the $teps of: 

providing an obscuring means in or adjacent a selection of a plurality 
of light-omit^ elements to at least partially equate to the obscuring 
effect of adjacent light emxtfmg elements amcng^ a remainder of said 
plurality of light-emitting elements. 

AcGordhxgly, in a third aspect, tihe invention may broadly be said to consist m 
a method of manufacturing a display screen comprising: 

placing a plurality of light-emitting elements in an array and protruding 
£rom a fiont face of said display screen; and 

providing obscuring means on or adjacent light-emitting elem^ts 
within a row of said array to at least partially equate to an obscuring 
effect of a finth^ row of li^-eo3nttkkg elements of reduced spacing 
and differing colour distribution within said array. 

BRIEF DESCRIPTION OP THE DRAWINGS 
Prefenred embodimencs of ttie iavention will now be described with reference 
to the following drawings in which: 

Fig. la is a front elevation of a portion of a prior art display screexi; 
Fig. lb is a cross-sectional elevation through the prior art screen of Fig. 
lai 

Fig. 2 is a fiont elevatbnal view of a portion of a further prior art 
display screen; 
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Fig- 3 is a front elevatlonal view of a portion of a yet fitrther prior art 
display scuem; 

Fig. 4a is a fiont elevationdl view of a poitian of a display screen in 
accordance with an ^bodiment of the inveation; 
S - Fig, 4b is a cross-sectional side elevation throi^ the portion of the 

apparatus of Fig. 4a; 

Fig. 5a is an elevatlonal view of a portion of a further enibodiment of 
the invention; 

Fig. 5b Is an elevational view of a portion of a yet further embodiment 
10 of a display screen in accordance with the invention; 

Fig. 6 is an elevational view of a li^-emitting element in accordance 

with a flirfta fiffllf9^HP«at of the Inventionj and 

Fig. 7 is an elevational view of a light-emitting element in accordance 

with a yet further embodiment of the invention. 

15 

DETAILED DESCRIPTEON OF PREFERRED EMjSODIMENTS 
Referring initially to the prior art as described previously, a typical existing 
display screen 1 is shown in Fig. 1 A in a front elevation. A plurality of light-emitting 
element 2 such as the protruding LEDs 3 are provided extending &om a firont face 4 
20 of Ihe display screen. 

Typically, louvers S may be provided to extend some shading against sun load 
and improve contnist in. the appearance of the LEDs. 
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As shc^Mi in Fig. lA, the LEDs 3 may be arranged into ap!ixei4comprisifiiga 
group of, for example, four LEDs in a red-green-green-blue arrangement. 

It will be appxeciated that "Wken an observer is vieiying a screen fiom an angle 
5 other than directly in front of the LH)Si the louvers 5 may partially obscure adjacent 
LEDs, For example, as sho^wn in Fig. IB, a louver 7 may partially obscure an 
adjacent LED 8 when viewed in the direction of arrow 9. 



In the atrangeEnent as shown with red and green on an upper row and green 
2; 10 and blue on a lower row, it will be appreciated that there is a grater degree of 

obscuring of the blue component of the pixel than of the red, This may cause a colour 
;i: shift in viewing the screOT, 

if I 

%^ I 

ii W 

Hence the arrangement shown in Fig. 2 arranges louvers 5 intermediate of 
15 every row of light-emitting elements such that every LED will receive the same 
obscuring effect when a user views at an angle on the vertical plane. 

A greater difScul^ is presented in the case of the asymmetric arrangement 
shown in Fig. 3. In this instance, there will still be same degree of obscuring effect in 
20 the vertical plane courtesy of tbs louvers 5. However, as each pixel only comprises 
three LEDs arranged on dijtterent rows, the unequal spacing between the red and 
green as compared to the adjacent blues on the line below will cause an uneven 
obscuring effect from one UED on its adjacent LED when viewed off-centre in Ihe 
horizontal plane, 

25 
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Typically, when a usarmoves to view the seamen more towards the diiection of 
the arrow 10, there is aD obscuring effect of 4c red LED 11 on its adjacent green LED 
12. Ab this obscuring effect i$ identical right along the row of LEDs, there is no 
qypFeddhle colour shift to &e user. 

However, as the bine LED 14 obscures the more distal LED 15 much or less 
due to the greaier »p»clu^ (Ls 6 waII effect en &e sof oon io a blue ehifi: in the colour 
oflhescreen- 

10 A prefeited embodiment of the invention is shown in Pig, 4A. In this 

embodiment, the screen 1 still provides equate distant louvers 5 between each row to 
substantially equate the obscuring effects from the louvers themselves. Additionailys 
the red-green and blue light-emittmg elements forming a single pixel may be airang^d 
such that there is an unequal distance between ihe red and green LEDs as compared 

IS with adjacent blue LEDs on the line below. 

Regardless, an additional obscuring means 16 may be provided intennediate of 
the blue LEDs to provide tibe same degree of obscuring effect on an adjacent blue 
LED as would have occurred had there be^ LEDs at equal spacing along that row 
20 identical to the row above. 

As shown in l-'ig. a ted LED 11 may be provided uu (Lc uppei' row and, 
fosoeath, the obscuring means 16 which, in this embodim^ comes in the form of a 
physical protrusion somewhat similar to an LED itself 

25 
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As it is important to maximize contrast between the li^t-enntdag elements 
and any background mat^al on sxicb screens, the protrusion 16 in the prefen-ed 
embodmxent shoim in Figs. 4A and 4B may be a blade protnision &om ib& &ont face 
24. This protrusion may be fonnedintegiBllywltb the 
5 be an additional item suitably att^hed by any suitable connection mechanism 25 such 
as glue, other adhesive or other mechanical connection mechanisms. 

In a typical example, the protrusion 16 would be of slightly smaU at dimension 
and projection than the I^-emitting elements. It will be appreciated that when a 

10 \iser is viewing the screen more towards; the side of the screen, any obscuring efiect 
jSrom, for example, the red LED 11 on the adjacent green LED 12 is partially negated 
by the transparency of the lens covers on these light-emitting elements. In contrast, a 
physical protrusion 16 provided in a black solid colour to maximize contrast may need 
to be of smaller dimension to substantially equate to the obscuring effect of tbe red 

15 LED 11 on the adjac^ LED 12. 

The obscuring means 16 can be provided a variety of alternative forms and 
positions. Its intetition is to try to ensure that there is an equal obscuring effect firom 
adjacent LGDs. In the example shown ui Figs. 4A and 4B^ the obscuring means 16 is 
20 provided only m the row of blue LEDs to brii^ this row to a point where it 
substantially equates to the row above. Of course, just as the louvers have been 
provided between every row to overcome the problem diown in Fig, lA, obscuring 
means could be provided between LED sudh. that there is substantially no obscuring 
effect from adjacent LEDs but only from the obscuring means themselves. This may 
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again lead to a standard of obscuiing eJ3ect as a viewer moves off-centre when 
viewing the screen on the boiizoiital plajifi. 

A variety of altenikative obscg3;iag means are shown through the remaining 

5 figures. 

Refemixg firstly to Fig, 5A, the obscuring means in this example may 
comprise one or more protrusions 17 extending from an adjacent louver 5» By 
minimizing the viewable portion of each LED through a gap 18, some control over the 
10 obscuring of the LEDs is provided. As shown in Fig- 5 A, a pair of such extending 
portion 17 may be provided with one downwardly dependent from an upper louver 5 
md another i^^wardly dependent from a louver beneath. 

Referring to Fig. SB, such portions dependent from adjacent louvers may be 
15 used in conjunction with additional obscuring means such as a projection 19 
intsmediale of depeaident portions 26 and 21 projecting from adjacent louvers S. 

Refemng to Fig. 6, it will also be appreciated that it is possible to not only 
provide obscuring means adjacent the LEDs in a physical form but also to provide 
20 obscuring means on an LED 28 by means of a coating 29 or similar. This coating 
may be applied adjacent the side portions of the LED to narrow the field of the 
embsion of light fix>m the LED and hence reduce its light once a viewer moves 
frurtber around in the horizontal plane. 
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Referring to Fig. 7, thiS obscuring means 30 could be provided intexnally 
within the lens 31 of the LED and again may be provided in physical fonn by means 
of a projection £rom a base of the LED 32 or by a co^iting or deposition on the inside 
of the lens. 

It will be appreciated that the invention provides a method of equating 
obscuring effects caused by adjacent LEDs by bringing those LEDs which may be 
less obscure down to the level of those most obscured. Although this may reduce the 
overall light received by a viewer when viewitig the screen of centre, it may minimise 
coloxn- shift such that the picture is at least apparent m the fbmx mtended. 

Thus the invention provides preferred embodiments which overcome the 
problems in eTdsting display screens. 

IS Although this invention has been described with re&rence to preferred 

embodiments, it wiU be ^preciated that the scope of the invention is as defmed in the 
appended claims and should not be linuted to those particular embodiments disclosed. 
S|^tfic integers referred to throughout the description are deemed to incorporate 
known equivalents where appropriate, 

20 
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